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A telecom photon is a suitable information carrier in a fiber-based quantum network due to its lower 
transmission loss in fiber. Because of the paucity of suitable atomic system, usually the photon connecting different 
memories is in near infrared band, therefore the frequency conversion of the photon in and out of telecomband has 
to be required to realize the interface between the atomic-based memory and the photon-based carrier. In order for 
that, two atomic or other systems which could realize the frequency conversion have to be taken into account, and 
besides, one more atomic system as a storing media is need. So the ability of storing a photon in telecomband is an 
interesting and exciting topic. In this work, we give a first experimental proof of principle of storing a light in 
telecomband. The telecom light is directly stored and retrieved later through two nonlinear processes via an 
inverted-Y configuration in a cold atomic ensemble, therefore the interface between the memory and photon in 
other proposals is not needed. We believe our work may open a new avenue for long-distance quantum 
communication. 
 
A possible quantum network consists of a kit in which 
quantum information could be stored and manipulated at 
will and a carrier by which different kits could be 
connected. Duan et. al. showed in their seminal paper [1] 
that an atomic system could be a suitable candidate for the 
memory and a photon could be a robust and efficient 
carrier due to its weak interaction with the environment. 
Owing to the paucity of suitable atomic system, the photon 
in near infrared band has to be acted as the carrier. It is 
well known that the photon in near infrared band is not 
suitable for long-distance transmission due to large loss in 
fiber. On the contrary, Ref. 2 clearly shows that the time 
needed to establish an entanglement between two remote 
legal users could be significantly reduced if a photon in 
telecom-band is used as an information carrier, compared 
with the case of a photon in near infrared band used. 
Therefore the frequency conversion of the photon in and 
out of telecomband by for example four-wave mixing [3-5] 
has to be required to realize the interface between the 
atomic-based memory and the photon-based carrier for 
long-distance communication. In order for that, two atomic 
or other systems which could realize the frequency 
conversion have to be taken into account. Besides, one 
more atomic system as a storing media is need. Therefore 
the whole system is complicated. So how to store a photon 
in telecomband directly is an exciting and interesting topic. 
The strong demand for quantum memory has inspired 
new methodologies and led to experimental progresses for 
quantum storage using an atomic system via different 
mechanisms, for example, via electromagnetically induced 
transparency (EIT) [6, 7], atomic frequency combs [8, 9], 
Raman schemes [10, 11], and gradient echo memory [12, 
13]. Another technique for storing a light is based on 
delayed four-wave mixing (FWM) process [3, 14] where 
the generated FWM field can be delayed and stored in 
atomic spin excitation. However, this method using a 
double-lambda configuration also works in the near 
infrared band, therefore it cannot be used to store the 
telecom light. In all above experiments, the photon 
carrying information is not in telecomband, i. e., there is no 
experimental demonstration of storing a light in 
telecomband, except the works reported by Gisin's group 
recently, where a light in telecomband is stored and 
retrieved later using photon echo technique in 
anerbium-doped solid system [15, 16]. In this work, we 
give a first experimental proof of principle that a light in 
telecomband could be stored and retrieved later by 
nonlinear processes in a cold atomic system. In our 
experiment, the atomic spin excitation contained the 
information of the light in telecomband is established 
between two atomic ground levels firstly through FWM in 
an inverted-Y configuration, then the atomic spin excitation 
is converted back to the light in telecomband later through 
a two-photon absorption process. The efficiency of whole 
process is about 1.5×10
-7 
at present. Compared with other 
works, the interface between the memory and photon in 
other proposals is not needed. Our result may open a new 
avenue to long-distance quantum communication. 
Two experiments are reported in this work: In the first, 
we convert a light in telecomband into an atomic spin 
excitation through FWM, and then convert the atomic spin 
excitation to a near infrared light through EIT in a Lambda 
configuration. In the second, the atomic spin excitation 
built up through FWM is converted back a light in 
telecomband through a two-photon absorption process. A 
cigar-shaped atomic cloud of 
85
Rb atoms, trapped in a 
two-dimensional magneto-optical trap (MOT), was used as 
the storing media. The size of cloud is about 30×2×2mm
3
. 
The total atom number is 9.1×10
8
 [17]. The inverted-Y 
type configuration used in our experiment is shown in Fig. 
1(a). It consists of two degenerated ground states |1> and |2> 
(5S1/2 F=3); one intermediate state |3> (5P1/2 F'=2) and one 
upper state |4> (4D3/2 F''=3). The transition frequency 
between the ground state and the intermediate state 
matches to the D2 line (795 nm) of atom 
85
Rb, and the 
transition between the intermediate state and the upper 
state can be driven by an infrared laser at 1475.6 nm. We 
experimentally generate a new field at 795 nm with the 
combinations of a laser beam at 795 nm and two laser 
beams at 1475 nm via a non-collinear FWM process. In 
this process, all lasers are resonant with correspond atomic 
transitions because in this case the nonlinear gain is large 
[18]. Based on this process, we carried on the experiment 
of storing and retrieving a light in telecomband. The 
simplified experimental setup is shown in Fig. 1(c). A cw 
(continuous wave) laser beam at 795 nm from an 
external-cavity diode laser (DL100, Toptica) is input to the 
cold atomic cloud as the coupling field. A cw laser beam at 
1475.6 nm from another external-cavity diode laser 
(DL100, Prodesign, Toptica) is divided into two fields by a 
beam splitter: the pump and signal fields. These fields are 
horizontal polarization and modulated by a +80 MHz 
acousto-optic modulators (AOM) to generate an optical 
pulse sequence. The up-converted field at 795 nm with the 
σ
+
 polarization is monitored using a high-speed camera 
(1024×1024, iStar 334T series, Andor) or a PMT 
(Hamamatsu, H10721). The coupling field with the σ
-
 
polarization acts as a pumping field in FWM process and 
as a reading light in the retrieval process. Our experimental 
image-detecting is based on a 4-f imaging system, which 
consists of two lenses with 500 mm focus length. 
 
 
 
Fig. 1 (a) The experimental energy diagram. Two lasers with 
different wavelengths of 795 nm and 1475 nm are used to perform 
the experiment. The two degenerated ground states are the sublevels 
of (5S1/2 F=3) mF=-1, mF=-3. The experimental mask is shown by Fig. 
1(b), which is the standard imaging mask. (c) The experimental setup. 
The angles between the pump, coupling and signal fields are α≈1°, 
β≈2° respectively. 
 
Before showing the experimental results, we give a 
simple theoretical analysis firstly. The effective 
Hamiltonians for our system is below:
               
( 3 1 3 2 4 3 4 3 ) .eff c F p sH H C       .            
(1) 
Where, Ωp, Ωs, Ωc and ΩF are the Rabi frequencies of the 
pump, signal, coupling and the generated FWM fields. The 
density matrix equation of motion is 
( ) .ij ik kj ik kj ij ij
k
i
H H             (2) 
where, Γij (i≠j) describes the complex decay rate from |i> to 
|j>, Γij (i=j) describes the decay rate of ρii. In our system, 
the state |3> is degenerate, the decay rate is 2γ. The decay 
rate of state |4> is 2Γ. We consider the zero-order 
perturbation expansion with the assumption of Ωp, Ωs, Ωc>> 
ΩF, and derive the steady-state solutions of density matrix 
equation on the condition of ρ44=ρ33=0. The atomic spin 
excitation ρ12 expression obtained is: 
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If the pump and signal fields don’t exist, the Eq. (3) can be 
simplified to be the general expression of ρ12=-ΩF/Ωc, 
which approximately describes the storage of light in a 
lambda type configuration. When we turn off the coupling, 
pump and signal fields, the density of operator ρ12 follows 
the time t with exponential decay. 
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where τ is the coherence time determined by the decay 
between two ground states. The atomic spin excitation state 
ρ12(t) contains the spatial information if the signal field is 
imprinted spatial information. When the pump and the 
coupling fields or only coupling field are turned on later, 
the signal field is retrieved through the previous established 
atomic spin excitation. 
We firstly performed the nonlinear FWM process to 
establish the atomic spin excitation between the two 
ground states. The powers of signal, pump and coupling 
fields are 0.20 mW, 0.63 mW and 1.16 mW respectively. 
The generated FWM signal at 795 nm monitored by a PMT 
is shown in Fig. 2. When we turned off the coupling and 
pump fields simultaneously, the generated FWM signal at 
795 nm is converted to the atomic spin excitation between 
two ground states and stored. After a while, when we 
switch the coupling field on, the generated FWM signal is 
retrieved. The Fig. 2 shows the experimental result, where 
the black dots represent the generated FWM field and the 
red dots are the stored FWM field. The storage time is 
about 3.4 μs. In this process, we clearly demonstrate that 
the generated FWM field can be stored and retrieved by 
using an inverted-Y type configuration.  
 
 
 
Fig. 2 The black dots represent the generated FWM signal. The red 
dots are the leaked and retrieved FWM signals. The storage time is 
about 3.4 μs. 
 
  In order to clearly show whether the information 
contained in light in telecomband is converted to the 
atomic spin excitation, the signal light is imprinted a spatial 
information with a standard mask (USAF target) shown by 
Fig. 1(b), and we want to see whether the spatial 
information contained by telecomband light could be 
stored and retrieved. We used the high efficiency camera 
triggered by a delay generator (DG535) to monitor the 
generated FWM signal. By using the 4-f imaging system, 
we can obtain the images of leakage and retrieval, which 
are shown in Fig. 3, where(a) is the leaked image, and (b) 
is the retrieval image. By plotting the intensity profiles in 
the vertical direction through the centers of image, we 
calculated the visibility of the retrieved images using the 
formula V= (Imax-Imin)/(Imax+Imin), where Imax and Imin are 
the maximal and minimal intensities along the vertical 
direction. The calculated visibilities of leaked image and 
retrieved image are 0.83 and 0.67 respectively. The 
experimental fact of the spatial information imprinted in 
telecomband light being stored and retrieved later clearly 
verified that the information imprinted in telecom light is 
converted to the atomic spin excitation like descriptions of 
Eq. (4). 
 
 
 
Fig. 3 (a) The leaked image of FWM signal. (b) The retrieved image  
of FWM signal. 
 
Now we move to the main topic of this work: storing a 
telecom light and retrieving it later. In order to obtain the 
retrieved signal, we must turn on the coupling and pump 
fields simultaneously again. We make the periods of the 
signal, pump and coupling pulses to be 10 μs, the widths of 
each signal and coupling pulse are set about 1 μs and 7 μs 
respectively. In our system, the back-edge of each pump 
and coupling pulse writes the signal into the atomic 
collective spin excitation state, whereas the front-edge of 
the following pulse is used to read out the stored signal 
pulse from the atoms. This design can significantly 
improve the strength of the retrieved signals. We carried 
out our experiment at a repetition frequency of 100 Hz. 
Each iteration consisted of a loading period of 9.7 ms and 
an experimental window of 300 μs that accommodated 20 
signal, pump and coupling pulses. Therefore, the total 
number of probe pulses per second was 2000, resulting in a 
high signal-to-noise ratio (SNR) retrieved signal. The 
timing sequence of the measurement is shown in Fig. 4. 
 
 
 
Fig. 4.The time sequence of measurement. The blue line is the syns. 
trigger signal, the red line is the signal pulses. The black line 
represents the coupling and pump optical pulses. (a) is the time 
duration of one experiment at a repetition frequency of 100 Hz. (b) is 
the enlarged picture in time domain. 
 
 
 
Fig. 5 The leaked signal and the retrieved signal in time domain. The 
error bars are statistics results. The storage time is about 4 μs. The 
leaked signal is measured by a home-made detector because of its 
strong intensity. The retrieved signal is detected by a single photon 
detector because of its weak intensity.  
 
  We used a home-made infrared detector to detect the 
intensity of the leaked signal field in time domain because 
of its strong intensity, the leaked signal is obtained shown 
by blue part of Fig. 5. An infrared detector (ID Quantique, 
InGaAs Photon Detector with 8% detection efficiency) is 
used to detect the retrieved signal in telecomband because 
of its weak intensity. This detector works in gated mode 
and is triggered by a sync signal generated by an arbitrary 
function generator (AFG3252). The delay time of sync 
signal can be adjusted by this arbitrary function generator 
itself. When we make the sync signal cover the retrieved 
signal completely, the intensity information could be 
obtained by triggering the detector. Through changing the 
delay time step by step, the time resolution intensity 
information of retrieved signal field could be obtained, 
which is shown by the red part of Fig. 5. In the data 
processing, we subtract the noises. The noises are mainly 
from 1: the scattered photons of the pumping laser, which 
are near equal to true signal counts; 2: the spontaneously 
Raman emitted photons along the signal direction. We find 
they are very small and can be safely omitted compared to 
the intensity of retrieved signal. In our experiment, the 
photon number per pulse of signal field is about 10
8 
, the 
efficiency of whole process is estimated to be on the order 
of 10
-7
. The low efficiency in this memory process is 
mainly due to the small nonlinear gain in our system. From 
our experimental results, we estimated the efficiency of 
FWM process in our system to be on the order of 10
-3
. The 
efficiency of storage may be increased by for example 
improving atomic optical density, optimizing some 
experimental parameters such as Rabi frequency and 
detuning of all fields etc. Besides, in our system, the 
no-collinear configuration is used to reduce the noise 
caused by the scattering of strong lasers, but it somehow 
reduces the efficiency. 
In the experiment of storing a light in telecomband, the 
mask is removed, therefore no spatial information is 
included. This is mainly due to the lack of a suitable 
infrared-band CCD camera worked at single-photon level 
in our Lab. We believe that a light imprinted an image in 
telecomband could be stored in our system definitely. In 
the experiments reported here, we keep storage time 
relatively short in order to curtail the overall duration of the 
experiments, so that a relatively high SNR and a clear 
image could be achieved.  
One big advantage of this scheme is the realization of 
the interface between the memory and the carrier and the 
storage of information carried by the light in only an 
atomic ensemble, which usually are realized with three 
atomic ensembles in other proposals, because one 
ensemble is needed to realize the frequency upconversion 
of the photon in telecomband to match the atomic 
transition wavelength, the second is used to store the 
upconverted photon, and the third to down-convert back 
the light in telecomband for long-distance transmission. 
Another thing we want to mention is that although our 
experiment was done in a cold atomic system, we believe 
that the scheme could be performed in a hot atomic 
ensemble too, therefore the whole system could be 
simplified significantly. 
In summary. The first experimental demonstration of 
storing a light in telecomband is reported. In this 
experiment, the telecom light is directly stored in a cold 
atomic ensemble and retrieved later through two nonlinear 
processes. Although the efficiency of our proof of principle 
is relatively low, it may open a new avenue for 
long-distance quantum communication. 
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